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Introduction 


This book covers the topic of Weather in the context of STEM 
Education. The observation and forecasting of weather brings 
together a lot of science and math skills. Background information, 
sources of information, and suggested student involvement projects 
are included. This book is targeted to the STEM educator, and 
includes a section on resources, and some suggested student 
projects. 


Author 


The author was interested in Weather since early grade school, and 
kept careful weather observations for years, in his home town. 


Mr. Patrick H. Stakem has been fascinated by the space program 
since the Vanguard launches in 1957. He received a Bachelors 
degree in Electrical Engineering from Carnegie-Mellon University, 
and Masters Degrees in Physics and Compute Science from the 
Johns Hopkins University. 


He began his career in Aerospace with Fairchild Industries on the 
ATS-6 (Applications Technology Satellite-6) program, a 
communication satellite that developed much of the technology for 
the TDRSS (Tracking and Data Relay Satellite System). He 
followed the ATS-6 Program through its operational phase, and 
worked on other projects at NASA’s Goddard Space Flight Center 
including the Hubble Space Telescope, the International Ultraviolet 
Explorer (IUE), the Solar Maximum Mission (SMM), some of the 
Landsat missions, and Shuttle. He was posted to NASA’s Jet 
Propulsion Laboratory for Mars-Jupiter-Saturn (MJS-77), which 
later became the Voyager mission, and is still operating and 
returning data from outside the solar system at this writing. He 
initiated and lead the international Flight Linux Project for NASA's 
Earth Sciences Technology Office. He is the recipient of the 
Shuttle Program Manager's Commendation Award, and _ has 
completed 42 NASA Certification courses. He has two NASA 


Group Achievement Awards, and the Apollo-Soyuz Test Program 
Award. 


Mr. Stakem has been affiliated with the Whiting School of 
Engineering of the Johns Hopkins University since 2007, and 
Capitol Technology University. Mr. Stakem supported the Summer 
Engineering Bootcamp Projects at Goddard Space Flight Center 
for 2 years. 


Why weather is important. 


Weather is the state of the atmosphere, and is constantly changing 
due to day/night transitions, and the effects of solar and lunar 
gravity on the oceans. We need good weather forecasts for reasons 
ranging from grabbing a raincoat, to evacuating a looming wild 
fire. 


Weather is an interesting topic, and one in which it is easy for 
students to engage. It also lends itself to exercises which required 
relatively inexpensive resources. 


Early mariners became good at predicting the weather from what 
they saw in the clouds and the water. The one who got really good 
at it made it back to port. 


What is STEM? 


STEM (Science, Technology, Engineering, Mathematics) is the key 
to the United States' continued dominance in High Technology. It 
took a lot of expertise to implement the first cell phone. Now they 
are turned out like cookies in third world countries. 


STEM addresses overall education policy and curriculum sources 
in schools, at critical grade levels. 


Although the teachers are experts in their particular area, and know 
how to present grade-appropriate material, they may not know how 
to find and access access the resources they need, or where to get 
help in a particular topic area. 


STEM programs are seen as critically important in the education 
system, world-wide. It is getting to be a complex, interconnected 
ecosystem. Advances in the subject areas of STEM will take place 
only if you know how to exploit this ecosystem for knowledge. 


When I was in school well before the Internet and STEM age, I 
had an encyclopedia. Today, students can access WikiPedia from 
their smart phones. The focus has changed from knowing facts, 
which are at your fingertips on demand, to leveraging facts to 
innovate. This approach touches all of the academic disciplines, the 
Humanities, Languages, Art, besides the STEM topics. Perhaps the 
best skill set to have is good internet search skills. Teachers have 
had to transition from asking factual questions, to asking questions 
that derive from applications of online research, and accrued 
knowledge. 


When I was a kid, there was no STEM. My interests in science and 
engineering led to research and hands on experimentation. Luckily, 
I survived. I was called on, while in grade school, to lecture and 
demonstrate some concepts of electricity to a High School class. 
The first satellite was launched, and I was glued to the black & 
white TV. I participated in Model Rocketry at the High School 
Level, and went on to fly Nationally. This was made possible by an 
extraordinary High School Science teacher. I made quite a few 
friends, some of whom became Astronauts. I was given a great 
opportunity when I received a full scholarship to a College of my 
choice. I went to Carnegie Tech in Pittsburgh (now, Carnegie- 
Mellon University), and launched a career in Engineering and 
Aerospace. It is time for me to pay forward. . 


I think STEM is a critical resource for understanding and 
implementing the future. I think the weather is a good thing to 
introduce into STEM. Let's do this. Future generations of STEM- 
mies will thank us. 


Weather 


How do we know what tomorrow's weather will be? Ok, you read 


it in the newspaper, or got it on your phone. Weather state is 
important to us in many ways, and it needs to be accurate. That 
involves the proper analysis of huge amounts of observation data. 


The Sun is the largest driver of Earth's weather, providing a large, 
diurnal energy source. Let's look at a couple of terms. Air pressure 
is the weight of the atmosphere above you. The Atmosphere is held 
to the Earth (or any other planet, for that matter) by gravity. The 
height of the atmosphere varies, and thus the air pressure as 
measured at the surface varies. We measure the air pressure with an 
instrument called a barometer. Changes in the air pressure foretell 
changes in the weather. Usually, high pressure relates to good 
weather, and low pressure relates to bad weather. 


There is moisture in the air, water, that has mostly evaporated from 
the oceans. We can measure the amount of water, compared to the 
amount that the air could hold, and this reading is called relative 
humidity. 100% means that the air cannot hold any more water, 
and it will begin to come out, let's say, as rain. The temperature 
affects the relative humidity. Warm air holds more moisture. As the 
atmosphere cools at night, some of the moisture comes out of the 
air as droplets of water, called dew. If the temperature is low 
enough, the dew freezes. 


Clouds are mad up of water and ice crystals. There are several 
types of clouds. Cumulus clouds are puffy, and usually portend 
good weather. Cirrus clouds, long streaks high up in the 
atmosphere also portend good weather. Sometimes you see a long 
line of thin cloud behind an airplane. This is created from the water 
in the exhaust of the plane's engines, freezing. The stratus clouds, 
low and gray, usually indicate rain or snow is coming. If the cloud 
touches the surface of the Earth, we call it fog. 


Thunderstorms are caused when particles within the cloud rub 
together, and static electricity is generated. If this builds up 
enough, the will be a big electrical discharge to the ground, that we 
call lightning. Lightning is dangerous. The very loud sound of 
lightning is called thunder. 


Wind is air in motion. As the Earth turns beneath the atmosphere, 
the winds develop. Rising air currents, over hot areas, can cause 
winds. The hot air rises, and is replaced by cooler air from the 
surface. If the winds are strong enough, from a big difference of 
temperature, we can get strong wind storms that do damage. These 
are called gale-force winds. If a rotating wind system evolves, this 
is a tornado, or hurricane, and can do massive damage. 


You may luck out sometime and see a rainbow, before or after rain. 
The water particles in the atmosphere break up the light from the 
Sun into its constituent colors. 


If the temperature (at the altitude of the cloud) is low enough, we 
don't get rain, but rather snow, or ice particles called hail. 


Our bodies self-regulate their temperature. When we feel cold, we 
are loosing heat, either because our surroundings are colder than 
we are, or because the wind is carrying it away, or both, The 
combined effect on our bodies from temperature and wind speed is 
called windchill. Similarly, the heat index takes into account 
temperature and humidity. We cool ourselves by sweating, and this 
is less effective when there is already a lot of moisture in the air. 


Weather Observations 


We can measure the weather where we choose, with small weather 
stations that transmit data via radio. U. S. Schools were 
participants in an early program by the National Weather Service, 
where they were given weather stations that transmitted data via 
phone lines. This was an early weather observation network. 
Sometimes it depends on point of view. Now, we have large 
networks of weather satellites in orbit, providing data continuously. 


From all the collected data, we can define and refine computer 
models of the weather. We have less interest in what's happening 
now, than in what will be happening in the future. 


Weather sondes, or probes, can be sent aloft on balloons, or 
sounding rockets. Balloons are at the mercy of the winds. A 
sounding rocket launch is expensive. 


Since three-fourth's of our planet is covered with water, we can use 
a network of fixed and floating weather bouys, transmitting their 
data via weather satellites. 


Besides the obvious temperature, wind direction and speed, and 
barometric pressure, we can use derived data, that is more directly 
useful. For example, we can calculate the heat index from the 
temperature and relative humidity. This represents how hot it feels. 
Similarly, we can calculate wind chill, which is how cold it feels, 
given the temperature and the wind speed. A speedier wind carries 
away the heat faster. Also of interest is the UV index, a measure of 
the risk of damage to skin from sun exposure. The dew point is the 
temperature at which air is saturated with moisture, and can't hold 
any more. It can be measured with an instrument called a 
psychrometer, which has two thermometers, one of which has a 
wet wick. The differences in temperature are applied to a chart, and 
the dew point is seen. 


The atmosphere 


An atmosphere is a layer of gasses, bound to a planet by gravity. 
Earth's atmosphere is predominately nitrogen, 78%. Oxygen at 
21% is next plentiful. Many other trace gases are present, and the 
atmosphere is by no means homogeneous by location or altitude. 
Chemical reactions take place in the atmosphere where there is 
significant energy input. Lightning can synthesize amino acids. 
The atmosphere also acts as a shield against radiation, the solar 
wind, and intergalactic cosmic rays. Living organisms, over long 
periods of time, modify the atmosphere. Natural events such as 
volcanoes and forest fires also have a part to play. A standard 
atmosphere has a pressure of 101.325 kilopascals, or 14.696 psi, at 
the surface. 


The atmospheric pressure declines exponentially with altitude (at a 
constant temperature). Solar energy provides a thermal motion to 
atoms that can exceed their escape velocity. Some of our 
atmosphere is constantly escaping Earth's gravity. Jupiter's gravity 
is much greater, and it holds back even the lightest atoms, 
hydrogen and helium. Nice thing about an atmosphere is, it 


prevents many meteoroids from reaching the surface. Take a look 
at the moon and see what the effects of a lack of atmosphere are. 
An atmosphere also allows for surface liquids. Otherwise they just 
boil off into vacuum. Some moons of the outer planets have liquid 
oceans beneath an ice layer. 


An atmosphere has horizontal and vertical gradients due to uneven 
heating. 


Layers of the atmosphere 


The lowest layer of Earth's atmosphere is called the troposphere. It 
contains three quarters of the atmospheric mass. This is the 
predominant weather layer. The altitude ranges from about 17 km 
at the equator to 7 km at the poles. The strastosphere is above the 
troposphere. This is the location of the ozone layer. The ozone 
layer is between 15 and 30 km, and results from the formation of 
ozone from oxygen by solar ultraviolet radiation. 


From there, the thermosphere extends from 85 km in altitude, to 
the ionosphere at 690 km. Influenced by the Sun, the ionosphere 
“boils up”. Since it is reflective to certain radio frequencies, it 
enables signals to be bounced off it to other locations on the planet, 
while blocking other signals. 


A jet stream is a fast flowing air current in an atmosphere. On 
Earth, these flow west to east, near the altitude of the tropopause. 
The polar jets have the strongest winds. Each hemisphere also has 
a subtropical jet. Knowing where these strong winds are located is 
vital to the air transport business. They get a “free ride” if they're 
going the way the jet stream is, and have to expend more energy to 
buck the winds in the opposite direction. A hazard, clear air 
turbulence, is sometimes found near a jet stream. The jet streams 
were first noticed after the massive Krakatoa volcanic eruption in 
1883. Jet streams have been observed in the atmospheres of other 
planets, and their moons. 


A weather front is a boundary between two air masses with 
different temperature, humidity, and density. Usually severe 
weather such as a thunderstorm is found along a front. Warm fronts 
move toward the poles. A squall line is a series of thunderstorms 
along a cold front. It brings heavy rain, straight line winds, and 
lightning. Tornado's and waterspouts may also form. When cold 
air goes under warmer air (which naturally rises), we have a cold 
front. When warm air moves over colder air, we have a warm 
front. When the masses of cold and warm air are about the same, 
neither has the advantage, and the front which formed, stalls. The 
weather will not change until something else pushes one or the 
other out of the way. 


Is there weather in the Ocean? 


Sort of. Every fluid can have different and interacting states. In the 
ocean, areas differ in temperature, salinity, movements, etc. Things 
happen slower in a liquid than in a gas, so ocean effects tend to be 
on a different time scale than the atmosphere. Of course, there is an 
ocean/atmosphere interface. The amount of salinity affects the 
ocean's density. The atmosphere experiences tides as do the 
oceans, but the effect is not very significant. 


Violent Weather 


Violent weather occurs all over the planet, and must be identified 
and observed in a timely manner. This is where point-of-view 
comes into play. The weather satellites in Earth orbit give us a way 
to discover and track storms. 


Cyclones are large air masses that rotate around a center of low 
pressure called the “eye.” The lower the pressure, the higher the 
rotation rate, and thus the winds. One of the largest cyclones is the 
polar vortex. Smaller cyclones are tornadoes and simple “dust 
devils.” Cyclones have been seen in the atmospheres of Mars and 
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Neptune. 


Cyclones, low pressure systems, rotate counter-clockwise in the 
Northern hemispheres and clockwise in the southern hemisphere 
due to the Earth's rotation, and the resultant Coriolis force. The 
opposite is true for a high pressure system. 


A hurricane is an example of a cyclone. North American hurricanes 
originate in Northern Africa, and cross the Atlantic to the 
Caribbean and the United States. On occasion, a hurricane will turn 
right and hit the west coast of Europe, the U.K, and Ireland. 


The Hurricane Hunters are aircraft that fly into violent cyclones in 
the North Atlantic and North East Pacific to gather information on 
these storms. One unit is from the Air Force, the 53 Weather 
Reconnaissance Squad, and the other is from NOAA, the 
“Hurricane Hunters.” Manned flights into violent storms began in 
1943, near Galveston, Texas. Along the way, six aircraft and fifty- 
three crew have been lost. Although satellite observation is now 
routinely used, measurements of interior barometric pressure and 
wind speed require a visit. Recently, drones have been used in this 
mission, and may supersede crewed flights. 


A waterspout is a weak rotating column of cloud, over a body of 
water. They can, however, become strong enough to endanger 
ships and planes. One hit Malta in 1555, and did extensive damage 
in the harbor. If a water spout moves onshore, it is a tornado. Water 
spouts can suck up marine life, and deposit them onshore. A 
similar phenomena can form with cold air in place, called a sea 
devil, or sea smoke. Steam whirls can form around geysers. 


A rainbow is formed when sunlight is refracted by rain droplets. 
They form opposite the Sun, from the observer's viewpoint. Red 
will be on the outer part of the rainbow's arc, and violet on the 
inner part. A double rainbow may form, with colors reversed, 
outside the primary arc. Even more rare is the moon-bow, which 
requires a full moon, and the right place at the right time. Much 
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speculation on the part of the ancient Greeks and Romans, without 
sufficient optical theory, didn't resolve their origin. 


Weather Balloons 


Weather balloons are launched to high altitudes, to get a snapshot 
of atmospheric conditions. Generally, they carry thermometers, 
relative humidity gauges, pressure gauges, wind speed gauge, and 
ozone sensors. The data is captured to a flash memory, and may 
also be transmitted to the ground. The balloon's position is known 
by onboard GPS. 


Weather balloons have been in use since the late 1800's. A kite can 
also be used to sample the atmosphere above the ground, if the 
wind is co-operating. NASA operates a weather balloon program 
from its Wallops Flight Facility, on the eastern coast of Virginia. 


Weather Satellites 


There are a series of satellites whose job is to observe the Earth's 
weather from above. These use optical instruments across the 
spectrum from infrared to ultraviolet, and can see through clouds 
to the surface. Weather satellites are flown by numerous countries, 
including the U. S., Russia India, China, Europe, and Japan. There 
are two classes — geostationary, which remain above one point on 
the Earth, and Polar, which orbit the Earth North to South. The 
polar orbiters are put into a Sun-synchronous orbit at around 850 
km, which means they can see every spot on Earth twice a day, 
with the same lighting. Being lower than the Geo-sync satellites, 
they do not require as good an optics. 


The U.S.'s first weather satellite was Vanguard in 1959. It could 
measure cloud cover. Tiros-1, launched in 1960, provided much 
more data of higher quality, for its 78-day lifetime. This was 
followed by the Nimbus Satellite series. The Nimbus satellites 
provided significantly better data, and noticeably improved 
forecasts were derived from those data. Although geosynchronous 
weather satellites continued to be deployed, both ESSA and NOAA 
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developed a series of polar-orbiters. These culminated in the 
GOES series, currently in use. These are capable of observing 
ocean surface winds, and this vastly increased the accuracy of 
tropical cyclone data. Thermal sensors typically scan the land and 
water surface temperatures. Special instruments can actually 
measure the ocean's salinity from orbit. 


Most weather satellites are operated from the Goddard Space 
Flight Center, in Greenbelt, Maryland, which also hosts a NOAA 
facility. 


Trains of satellites refer to multiple units that are spaced along the 
same orbital track. This allows for simultaneous imaging areas, as 
well as continuous observation of selected areas. It is a co- 
ordinated group of observation satellites. NASA uses this approach 
successfully for Earth Science and Weather satellites in polar, sun- 
synchronous orbits. A train of 6 weather satellites passes over the 
same spot at the same time every day. The satellites are all 
different, but provide useful information on atmospheric and 
ground conditions. Another term for a simple group of spacecraft 
in the same orbit is string-of-pearls. 


A single orbit with four sun-synchronous Disaster Monitoring 
Constellation (DMC) satellites was implemented in 2002-2003. A 
second Constellation was implemented with 4 additional satellites 
by 2011. with participation by the U.K., Algeria, Nigeria, Turkey, 
and China. 


In addition to the civilian weather satellites, the (U.S.) Department 
of Defense operates its own system of satellites. The 
instrumentation differs, but they are very similar to the GOES 
series. They are, however, capable of seeing in the visual spectrum, 
at night. They see the Auroras, city lights, volcano eruptions and 
forest fires, and meteors burning in the atmosphere. By tracking 
the city lights, an estimate of urban growth can be obtained. The 
area of snow fields can be monitored, to estimate runoff in the 
spring thaw. Pollution is routinely monitored in the atmosphere. 
The annual sand storms from the Sahara, reaching out into the 
Atlantic Ocean, are also clearly seen. 
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Doppler Radar 


We hear our weather forecasts mention Doppler radar. If you visit a 
small airport, you might see a tall tower with a big ball on top. 
That's a radome, and it houses the radar unit. The doppler part 
refers to the fact that the radar processing uses the doppler effect to 
directly measure velocity of the winds. 


Monitoring the Oceans 
The largest portion of the Earth's surface is water, and, before 
satellites, it was difficult got get much data on its state. 


Bouys, essentially floating satellite observation platforms, monitor 
the ocean state while drifting. They report back via relay through 
the weather satellites. 


There are established currents in the ocean, to the extent that we 
can refer to these as rivers in the ocean. These are driven by 
temperature differences between the polar regions, and the equator. 
One of these is the Gulf Stream, a warm ocean current that flows 
from the Gulf of Mexico, around the eastern coast of the United 
States, and crosses the Atlantic from near Newfoundland. It splits 
into two parts, the North Atlantic Drift, and the Canary Current, off 
of Africa. The Gulf Stream has a major influence on the weather of 
the Eastern United States and Canada. It also provides a warmer 
Europe. The Gulf stream is a moving “river” 100 km wide, and 
800 meters deep. The maximum speed occurs near the surface, 
reaching 2.5 meters per second. It was discovered by Ponce de 
Leon in the early 1500's. It has a flow rate of 30 million cubic 
meters of water per second through the Florida straights. A similar 
system in the Southern Hemisphere is the Humboldt Current. 


Weather in Space 


There is weather in space, which is very different than that in a 
planetary atmosphere. 
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Weather on the Sun 


What's happening in the Sun's upper atmosphere, it's weather, 
affects Earth. Solar storms emit large numbers of charged particles, 
that affect not only our weather, but our communications via 
satellite. A series of Solar sentinel satellites, closer to the Sun, 
monitor it for energetic particle storms. This information can be 
radioed back to Earth in time for preparation. 


The Sun goes through 11-year cycles of maxima and minima. This 
was first studied in detail by the Solar Maximum Mission (SMM) 
in 1980. The author worked on this project. 


A Coronal Mass Ejection (CME) is a large storm on the outer 
surface of the Sun. The first to be studied was called the 
Carrington Event, named after the amateur astronomer who studied 
one in 1859. This produced a massive geomagnetic storm on Earth, 
when the charged particles hit the atmosphere. Beside increasing 
auroral activity, The charged particles affected the numerous 
telegraph lines, allowing the system to work without batteries, but 
also delivering shocks to operators. 


The Earth's Aurora, both North and South, is a direct result of 
charged particles from the sun, impacting the upper atmosphere. 
You can get a good Auroral tracking ap for your phone. Most 
Auroral activity is best seen from very north or south latitudes. 


Weather on other planets 


Like Earth, other planets have weather. Because they are very 
different from Earth, their weather is also different. 


Earth's moon has no real weather, because it has, essentially, no 
atmosphere. Being in tidal lock with the Earth means it's day lasts 
14 of our days, and the same for the night. It's very thin 
atmosphere consists mainly of sodium gas. 


We'll take a quick look at weather on some of the other planets in 
our Solar System. Venus is the worst case scenario, being in 
ecological runaway. The planet is covered in dense clouds, and has 
a carbon dioxide atmosphere that has led to a Greenhouse effect on 


15 


a planetary scale. There is lightning within the atmosphere, first 
discovered by a Russian probe. The U.S. Venus Express mission 
discovered a massive atmospheric vortex at the South Pole, and an 
ozone layer. The surface temperature is enough to melt some 
metals. 


Mars surface temperature is much less than Earth, due to the 
thinner atmosphere, and increased distance from the Sun. Mars 
also has frequent dust storms. 


The large planet Jupiter has some interesting weather, including the 
Great Red Spot, a persistent storm hundreds of years old, and 
larger than Earth. One of the Gas Giants, Jupiter may not have a 
surface, being composed of hydrogen and helium in increasing 
density towards the core. Circulation, turbulence, lightning, and 
storms have been observed. There are at least two layers of clouds. 
One layer of ammonia, and one of possible water. Let's not forget 
the moons. Europa has an atmosphere with oxygen, and Io has one 
consisting of sulfur. We know this from ground-based and 
planetary spacecraft. The moon Enceladus has an atmosphere with 
water vapor. 


Saturn has weather systems similar to Jupiter, but not a giant red 
storm. The moons of Saturn have also been observed to have 
weather systems. 


The following section describes some projects that could be used 
to introduce students to weather and its measurement. Later in the 
book is a set of resources, from NASA, NOAA, and other. 


Projects 
Here is a selection of weather related projects for students. 


e Have the student draw a picture of the weather currently 
observed. 


e Get some inexpensive weather station hardware. Amazon is 
a good source. In expensive packages for temperature and 
humidity can be had for under $20. These would be loaned 
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out to students to take home. 


Draw up a weather log, and have the students fill it out 
every day, and analyze it. A template is included later in 
this document. 


Enter the weather data into a spreadsheet, and calculate the 
min/max for selected parameters such as temperature, 
relative humidity, and wind speed. Plot these within Excel, 
or MathWorks. 


Get a school weather station, with more capability to 
measure wind speed and direction. Ideally, get a self- 
logging one that could interface with a pc, tablet, or phone. 
Amazon has models for around $130. 


Form a rainbow with a prism or water-filled spherical flask, 
and discuss the separations of colors. Observe a rainbow, 
after a storm, and as it becomes sunny again. Have the 
students draw what they saw. 


Build a weather balloon package with sensors, a small 
computer, batteries, and perhaps a transmitter. The next 
step is a weather balloon, and some helium. (Hydrogen, if 
you feel lucky) 


Discuss local unique weather conditions, in your area. 
Lake-effect snow, waterspouts, etc. 


Research and set-up a weather satellite image receiver from 
the Internet. 
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Template for a Weather Log 
Weather Log Prototype Page 


School Name/Class 
Student Name 
Date 
Time of observation 
Temperature, Relative Humidity 
Barometric Pressure 
Precipitation (if any) 
Wind, direction and speed (if applicable) 
forecast of tomorrow's temperature, precipitation 
Compare previous forecast to current state 
Notes. 





And, in conclusion.... 


We're stuck with the weather we get, so it is best to understand 
how the forecasts are made, from the volume of data collected, and 
be able to make conclusions based on our own observations. We 
will not run out of weather to observe. Weather forecasting 
interacts with other branches of science such as physics and 
chemistry, dynamics of fluids, and thermodynamics. Weather 
forecasting has a lot of physics, chemistry, and mathematics behind 
it, but is a relatively inexpensive activity, 
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Resources 


Infant and Toddler STEM — avail: 
https://depts.washington.edu/cqel/PDFs/Presentations/Infan 
t%20&%20Toddler%20STEM%20NW%20Institute 
%202014%20Powerpoint.pdf 

Weather Guys, wxguys.ssec.wisc.edu 
https://www.omao.noaa.gov/learn/aircraft- 
operations/about/hurricane-hunters 
www.weatherwizkids.com/weather-forecasting.htm 
NASA, The Ocean: A Driving Force for Weather and 
Climate, avail: https://www.youtube.com/watch? 
v=6vevTeuoDWY. 
https://www.ametsoc.org/ams/index.cfm/education- 
careers/education-program/weather-resources/ 
http://www.noaa.gov/resource-collections/weather- 
atmosphere-education-resources 
https://business.weather.com/ 
https://scied.ucar.edu/teachers 
https://www.nasa.gov/audience/foreducators/index.html 
wikipedia, various. 
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Glossary of terms 


AMS — American Meteorology Society 

Anti-cyclone — a clockwise (in the Northern Hemisphere) 
circulation of winds. 

Atmosphere — a layer of gases around a planet or other body, held 
by gravity. 

Aurora — lights in the sky, caused by energetic particle from the 
Sun. 

Buoy — floating platform used for ship navigation, and to collect 
data. 

Climate — weather, trending over a long period of time. 

Cloud — visible aerosol, made up of liquid droplets, ice, or particles 
of dust. 

CME — coronal mass ejection, from the Sun. 

COLA — Center for Ocean-Land-Atmosphere Studies, Harvard 
University. 

Cold Front — leading edge of a cold air mass 

Coriolis force — apparent deflection of a straight movement, due to 
a rotating frame of reference. 

Cyclone — a large air mass that rotates over a region of low 
pressure. 

Cyclogenesis — a process that results in a cyclone. 

Derecho — strong straight-line winds. 

Dew Point — temperature at which air becomes saturated with 
water vapor. 

Diurnal — daily cycle. 

DMSP — (U.S.) Defense Meterological Satellite (Program) 
Doppler radar — used to obtain velocity data. 

Dust Devil — whirl wind; a vortex with embedded dust. 

ESSA — (U.S. Environmental Science Services Administration, 
predecessor to NOAA. 

Exosphere — thin atmosphere with very low density, 

Fog — visible cloud droplets or ice crystals. 

Front — boundary of two air masses of different density. 

GOES — Geostationary Operational Environmental Satellite. 
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GPS — satellite-based global positioning system. 

Grye — a circular ocean current. Responsible for the Sargasso Sea. 
Heat index — measure how hot it feels, due to temperature and 
relative humidity 

Hurricane — tropical cyclone, a rapidly rotating storm system in the 
Atlantic or Northwestern Pacific. 

Isobarareas of the same barometric pressure. 

isotherm — areas of the same temperature. 

Jet stream — high altitude air current. 

JPSS — NASA/NOAA Joint Polar Satellite System 

k Pa — kilo Pascals, metric measurement of pressure. 

lightning — electrical discharge between clouds, or cloud to ground. 
Mesocyclone — rotating vortex of air within a convective storm. 
Mesopause — point of temperature minimum between their 
mesosphere and thermosphere. 

Mesosphere — layer of the atmosphere between above the 
Stratosphere. 

Meteorologist — Atmosphere scientist 

Monsoon — seasonal rainy and windy phase. 

Moonbow — a type of rainbow formed by reflective light from the 
moon. 

NASA — National Aeronautics and Space Administration. 

NOAA - (U.S.) National Oceanographic and Atmospheric 
Administration. 

Nor'Easter — a powerful cyclone that hits the east coast of North 
America in Winter. 

NWS -— (U.S.) National Weather Service. 

Pascal — metric unit of pressure; 

POES — Polar Orbiting Environmental Satellite. 

Psi — pounds per square inch. 

Relative humidity — percentage of moisture in the air, compared to 
what it could hold, at the Temperature. 

Scale height — the height in an atmosphere in which the pressure 
declines by a factor of e, 2.718. 

Solar wind — stream of charged particles from the Sun. 

Sonde — French for probe. 

Squall line — line of thunderstorms ahead of a cold front. 
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Stratosphere — middle layer of the atmosphere, above the 
troposphere. 

Sundog — two bright spots to the left and right of the sun, caused 
by ice crystals in the atmosphere. 

Supercell — Thunderstorm with a mesocyclone; least common, 
most severe. 

Thermosphere — atmospheric layer above the mesosphere. 
Troposphere — lowest layer of the atmosphere, touching the Earth's 
surface. Home of most of the weather. 

Tornado - rapidly rotating column of air, touching the surface, and 
a cloud. 

Torr — unit of pressure, 

Tropopause — between the troposphere and the stratosphere. 
Troposphere — lowest layer of the atmosphere. 

Typhoon — tropical cyclone in northwestern Pacific Ocean. 
Twister — slang term for tornado. 

UCAR - University Corporation for Atmospheric Research 
USNWS -— United States National Weather Service. 

UV — ultraviolet light 

UV index — measure of risk of humans by UV exposure. 

Vortex — fluid dynamics term, a fluid that revolves around an axis. 
Water down the drain. 

Waterspout — Columnar vortex over a body of water, 

Whirlwind — Tornado. 

Wind chill — perceived decrease in air temperature due to flow of 
air. 

WMO - World Meterological Organization 
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If you enjoyed this book, you might find 
something else from the author 
interesting as well. 


Stakem, Patrick H. Enviro-Bots for STEM, Using Robotics in the 
pre-K to 12 STEM Curricula, A Resource Guide for Educators, 
2017, PRRB Publishing, ISBN-9781549656613. 


Stakem, Patrick H. STEM-Sat, Using Cubesats in the pre-K to 12 
STEM Curricula, A Resource Guide for Educators, 2017, PRRB 
Publishing, ISBN-1549656376. 


Stakem, Patrick H. Introducing Astronomy in the Pre-K to-12 
STEMCurricula, A Resource Guide for Educators, 2017, PRRB 
Publishing, 


Stakem, Patrick H. Introducing Computer Math for Pre-K to 12 
STEM, A Resource Guide for Educators, 2017, PRRB Publishing, 


Stakem, Patrick H. Introducing Weather in the pre-K to 12 STEM 
Curricula, A Resource Guide for Educators, 2017, PRRB 
Publishing, 


Stakem, Patrick H. Cubesat Engineeering, PRRB Publishing, 
2017, ASIN- BOIN4VC99B. 


Stakem, Patrick H. Cubesat Operations, PRRB Publishing, 2017, 
ASIN- BOINI8JXxX6. 


Stakem, Patrick H. Interplanetary Cubesats, PRRB Publishing, 
2017, ASIN- BO6XG4DMVW. 


Stakem, Patrick H. Cubesat Constellations, Clusters, and Swarms, 
PRRB Publishing, 2017, ASIN- BO6X3SLRFT. 
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Stakem, Patrick H. Visiting the NASA Centers and Historic 
Rockets & Spacecraft, 2017, PRRB_ Publishing, ASIN- 
BO757ZVB2G. 


Coming in 2018 


Astronomy STEM 
Deep Space Gateways 
Manufacturing in Space 
Space Tourism 


Rocket Science-101 
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